reported a significant relationship among non-brain-damaged control subjects between age and education and the General Neuropsychological Deficit Scale (GNDS), a measure sensitive to cerebral damage (Reitan & Wolfson, 1988; . Among brain-damaged subjects, however, the relationships between these variables were minimal. Apparently, the effect of age and education demonstrated by normals was essentially obliterated in the brain-damaged group by the overriding effects of the brain damage.
scores of brain-damaged subjects for age and education on the basis of relationships derived from non-brain-damaged subjects.
In the present study the relationships between age and education and IQ scores were pursued in additional detail by studying the effects of age and education on WAIS subtest scores in brain-damaged and control groups. It was necessary to evaluate scaled scores for WAIS subtests separately from WAIS IQ scores, because scaled scores are not adjusted for age, whereas tables for determining WAIS IQ values require use of an age adjustment based on normative data.
METHOD

Subjects
The present study used the same two groups of 50 brain-damaged and 50 non-brain-damaged subjects used in a previous study (Reitan & Wolfson, in press ). The brain-damaged group had a mean age of 36,64 years (SD = 14.83) and a mean education of 12.86 years (SD = 3.37). The controls had a mean age of 36.36 years (SD = 12.71) and a mean education of 12.78 years (SD = 2.28). Intergroup differences in age and education were not statistically significant.
Because some of the analyses compared subgroups subdivided at the medians for age and education, we also compared the age and education means of the subgroups for the variable on which the subdivision had not been based. None of the subgroup mean differences were significant. More detailed data and information are provided in Reitan and Wolfson (in press ).
The 50 control subjects included four normally functioning persons and 46 patients. Each patient-control subject was examined by a neurologist or neurosurgeon, and only subjects who had no past or present evidence of brain disease or damage met the inclusion criteria for the control group. The 46 patient-controls consisted of 24 subjects who were examined neuropsychoiogically while awaiting surgery for nonneurological disorders and 22 patients hospitalized for conditions other than brain disease or damage. These 22 additional controls were hospitalized for depression, 9; acute anxiety reactions, 7; leg bone fractures, 3; and paraplegia, 3. The brain-damaged group was composed only of persons with definitive neurological diagnoses, which included a diversity of types and locations of cerebral disease or damage: 12 subjects with tumors (left hemisphere, 4; right hemisphere, 4; metastatic, 4), 12 subjects with vascular lesions (left hemisphere, 4; right hemisphere, 4; generalized, 4), 12 subjects with traumatic injuries (left hemisphere, 4; right hemisphere, 4; generalized, 4), and 14 persons with nonfocal involvement (multiple sclerosis, 3; encephalitis, 2; major motor epilepsy, 2; complex partial epilepsy, 2; cerebral palsy, 1; carbon monoxide poisoning, 1; parasagittal frontal meningioma, 1; HIV and AIDS complex, 1; tuberculous meningitis, 1). There were 20 subjects with focal lesions (left hemisphere, 10; right hemisphere, 10), eight subjects with lateralized vascular lesions (left hemisphere, 4; right hemisphere, 4), and 22 subjects with diffuse involvement.
Procedure
Each subject was tested by a carefully trained and supervised technician who was not aware of any patient's diagnosis or specific reason for testing. Procedures outlined by Wechsler (1955) were closely followed. Scoring of each protocol was checked for accuracy by a second technician.
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The WAIS was selected in preference to the WAIS-R because there was more validational data to support the WAIS as a neuropsychological measure (Reitan & Wolfson, 1990) . The WAIS was administered in a standard manner by thoroughly trained and carefully supervised technicians who had no information about the group to which a subject belonged. Mean differences between the two groups for the 11 WAIS subtests were evaluated by computing t ratios. Each group of subjects was subdivided at the median for age and education, yielding younger and older subgroups and higher-educated and lower-educated subgroups. These groups were compared to determine whether mean WAIS subtest scores were significantly different in the upper and lower halves of the age and education distributions.
Pearson product-moment coefficients of correlation were computed between each WAIS subtest and age and education for the brain-damaged and control groups. The statistical significance of the coefficients for the two groups was determined, and corresponding coefficients for the brain-damaged and control groups were compared. Finally, differences in the magnitude of coefficients among the WAIS subtests for both age and education were assessed for their conceptual significance in the brain-damaged and control groups. This was done by computing rank-difference coefficients of correlation between the rankordered magnitude of coefficients and the rank-ordering of the 11 WAIS subtests according to ratings of their positions along a continuum of tests measuring abilities ranging from immediate adaptive skills (sometimes referred to as fluid intelligence) to stored information (crystallized intelligence). Table 1 presents means, standard deviations, and t-ratios comparing the subtest scores in the control and brain-damaged groups.
RESULTS
VIQ, PIQ, and FSIQ values for the controls and brain-damaged group were previously presented and studied in detail (Reitan & Wolfson, in press) , and are included here only for general information. In every instance, means for the control group were higher than means for the brain-damaged group, and comparisons yielded statistically significant results for every subtest except Comprehension. These results suggest that WAIS subtest scores are generally lowered by brain damage. Table 2 presents means, standard deviations, and statistical comparisons of each group, subdivided first according to the upper and lower halves of the age distribution and then subdivided according to education.
Within the age distributions of the groups used in this study, age appeared to have little significance in ordering the subtest scores. Among the older and younger brain-damaged subgroups, only Information, Arithmetic, and Vocabulary showed significant differences, and it must be remembered that multiple individual tests were performed. There were no statistically significant differences between the older and younger controls.
Among the controls, the higher-educated subgroup was significantly different from the lower-educated subgroup on all subtests except Picture Completion and Object Assembly. Thus, it appears that education influences performances on a number of WAIS subtests. A rather different set of results, however, emerged in the brain-damaged group. Only three of the 11 subtests had differences that reached statistical significance (Information and Comprehension at less than the .05 level and Vocabulary at less than the .005 level). The remaining eight subtests showed no significant differences between the two groups, suggesting that the effects of brain damage may have mitigated the influence of education shown in the control group. Table 3 presents coefficients of correlation between age and education and each of the WAIS subtests for the control and brain-damaged groups. .001
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.20 For the controls, none of the correlations between age and any of the subtests reached significant levels. For the brain-damaged subjects, none of the Performance subtests correlated significantly with age. The correlations between age and the Verbal subtests differed in the controls and the brain-damaged group, inasmuch as all of the coefficients except Digit Span were significant in the brain-damaged group. In addition, the brain-damaged group tended to differ from itself in the relationship between age and the Verbal subtests versus age and the Performance subtests. Comparisons of the magnitude of coefficients for age and each subtest revealed only two instances in which the groups differed significantly. Considering the differences in signs, the coefficients for age versus Similarities and age versus Digit Span were significantly higher, at probabilities of less than .05, for the brain-damaged group than for the controls.
Coefficients with education were generally larger than coefficients for age, although the brain-damaged group differed from the controls in having no significant correlations with the Performance subtests. The control group had significant correlations between education and every Performance subtest except Object Assembly. In comparing paired coefficients for the two groups, it should be noted that the coefficients were larger in every instance for the control group, and significantly larger for Similarities and Digit Symbol (p < .05).
In terms of general trends among the two groups, the brain-damaged group had a number of significant correlations between age and education and the Verbal subtests, but had no significant correlations between these variables and the Performance subtests. The overall differences in relationships for the Verbal and Performance subtests should also be noted. Considering the total number of coefficients for age plus education, 17 of 24 coefficients were significant for the Verbal subtests, whereas only 4 of 20 coefficients were significant for the Performance subtests. Reitan and Wolfson (1995) , in their brief review of prior investigations of the relationships of age and education to neuropsychological test scores, noted that Finlayson, Johnson, and Reitan (1977) demonstrated that educational level had a striking effect on certain Wechsler scores but exerted less influence on tests that are generally more sensitive to brain damage. In fact, the tests principally influenced by education had auditory-verbal language requirements in common, were based largely on stored information, and appeared to have a minimal dependence on immediate problem-solving skills. Matthews and Reitan (1963) , in exploring patterns of abilities among mentally retarded subjects, and Reed and Reitan (1963) , in studying the psychological correlates of normal aging, used a continuum of tests measuring abilities ranging from those judged to be most dependent on immediate problem-solving ability to skills most dependent upon experiential background and/or stored information. The 11 subtests of the Wechsler-Bellevue Scale had been included in the study, and their rank orders in this continuum were available. In the present study, in order to evaluate relationships of the magnitude of correlations of the Wechsler subtests with age and education and their rank order on this continuum, we plotted the correlations for the subtests in sequence according to their positions on the continuum (see Figure 1) .
The curves shown in Figure 1 reflect a general trend for correlations, with either age or education, to be lower for subtests dependent upon immediate problem-solving skills and higher for tests mainly representing stored information. This trend appears to be least pronounced for correlations between the rank order of subtests and education among controls. In order to evaluate the trends quantitatively, we computed rank-difference correlations between the rank order of each test on the continuum (from Block Design as number 1 to Information as number 11) and the rank order of each coefficient according to magnitude. As shown in Table 1 , these coefficients were quite high, especially for the brain-damaged subjects, and somewhat lower for correlations involving education among the controls. These results suggest that relationships of age and education to WAIS subtest scores differ systematically according to the requirements of the tests, further complicating the interpretation of the relationships of attribute variables to measures of intelligence.
DISCUSSION
The results of this study confirmed the sensitivity of the WAIS subtests to brain damage. The principal purpose, however, was to investigate the influence of age and education on WAIS subtest scores, and the results indicated that in a number of respects the influence of these attribute variables was significantly different for brain-damaged subjects and nonbrain-damaged controls. Age did not significantly influence level of performance, but this lack of influence may have been due to the age range of the subjects in the study. Higher and lower levels of education, however, had a strong effect on test scores in the control group and a much lesser effect on scores in the brain-damaged group.
The correlations between the attribute variables and the test scores also differed in the two groups. For the controls, there were no significant coefficients of correlation between age and subtest scores; for the brain-damaged subjects, however, the Verbal subtests were generally significantly correlated with age. Correlations between education and subtest scores were generally larger than the correlations between age and subtest scores, and the coefficients were larger for the controls than for the brain-damaged subjects. The most striking difference between the brain-damaged group and the controls was the significant correlations between education and four of the five Performance subtests among the controls. None of the corresponding coefficients were significant among the brain-damaged subjects.
Analyses of correlations were studied for their conceptual significance by employing a rating of the Wechsler subtests along a continuum ranging from tests heavily dependent upon immediate problem-solving skills to tests that mainly require stored information. The results generally showed that the magnitude of the coefficients increased in a systematic manner, with minimal correlations among the tests of immediate problem-solving abilities and larger coefficients among the tests of stored information. This effect was least pronounced for correlations of education with WAIS subtest scores for the controls. As in our analysis of relationships of age and education to VIQ, PIQ, and FSIQ scor¢s in groups of brain-damaged and control subjects (ReRan & Wolfson, in press), a complex set of results emerged, and the findings were not as clear cut as when using a measure that is more sensitive to brain damage (the GNDS) (ReRan & Wolfson, 1995). The effect of age and education on the GNDS was minimal among brain-damaged subjects, but strong among controls. The results of the present study also show certain differences between brain-damaged and control groups, especially for education, with a tendency for WAIS subtests that traditionally have been found to be more sensitive to brain damage to be less closely related to education, and subtests that am less sensitive to brain damage to be more affected by education.
The practical implications of this study relate to the transformation of raw scores for brain-damaged subjects into adjusted or scaled scores based on relationships derived from analyses of non-brain-damaged groups, a practice that appears to be widespread clinically as well as in research. Our results suggest that these transformations are ill-advised for tests that are especially sensitive to brain damage , are subject to a degree of error for VIQ, PIQ, and FSIQ (Reitan & Wolfson, in press), and do not have consistent validity for WAIS subtests. When tests that are sensitive to brain damage are used, it appears that brain damage is the major factor determining the variance; when tests that are relatively insensitive to brain damage are used (especially when the tests depend upon acquired verbal skills), the effects of age, and especially education, may be pronounced.
Many additional variables, including both biological and cultural factors, could conceivably affect the relationships between age and education and psychological test scores. The effects should be explored using persons with acute versus chronic brain damage, static versus progressive damage, fecal lesions versus diffuse involvement, left versus right lesions, etc. In addition, groups with differing socioeconomic status, varying levels of education, and the full age range should be studied. It appears that a single set of conversion tables (Heaton, 1992; Heaton, Grant, & Matthews, 1991) is not sufficient to deal with this complex issue, and using such tables risks transforming test scores, which reflect a subject's actual performances, into scores that may have diminished validity.
This study has limitations that derive from the size of the samples, such as restriction of age and education ranges (see , for a complete discussion). In addition, it did not compare or contrast mild versus more severe brain damage, and was not designed to assess the many subcategories that fall under the rubric of brain damage.
